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1.  INTRODUCTION 


Post-traumatic  stress  disorder  (PTSD)  is  a  chronic,  debilitating  psychiatric  disorder  that  can 
emerge  following  exposure  to  a  traumatic  event.  PTSD  is  characterized  by  a  wide  range  of  symptoms 
including  hyperarousal,  avoidance,  intrusive  memories  and  abnormalities  in  fear  responses.  While 
currently  available  therapies  have  some  efficacy,  they  do  not  address  the  full  range  of  PTSD  symptoms, 
and  they  are  not  equally  effective  in  all  cases.  Valid  animal  models  are  critical  for  understanding  the 
neurobiological  processes  underlying  psychopathology,  for  identification  of  novel  therapeutic  targets, 
and  for  development  of  treatment  strategies.  Over  the  past  decade  our  laboratory  has  developed  a 
validated  animal  model  of  PTSD,  Single  Prolonged  Stress  (SPS),  which  produces  changes  in  physiology 
and  behavior  that  are  characteristic  of  PTSD.  SPS  animals  have  disruptions  in  the  retention  of  extinction 
memories,  a  specific  deficit  exhibited  by  PTSD  patients.  In  addition,  we  have  demonstrated  changes  in 
glucocorticoid  receptors  (GR)  in  the  hippocampus  and  prefrontal  cortex  (PFC)  of  SPS  animals;  and 
decreased  levels  of  glutamate  in  the  medial  PFC,  suggestive  of  decreased  excitatory  neurotransmission 
in  a  brain  region  critical  for  emotion  regulation.  Moreover,  we  have  recently  demonstrated  lower 
spontaneous  activity  of  noradrenergic  neurons  following  SPS,  as  measured  by  single  cell  activity 
changes  and  tyrosine  hydroxylase  mRNA  levels  in  the  locus  coeruleus.  Based  on  our  findings  we 
hypothesize  that  SPS  alters  glucocorticoid  and  beta  adrenergic  receptor  (p-AR)  expression  leading  to 
changes  in  protein  transcription  that  modulates  glutamatergic  and  GABAergic  function.  In  turn  this  could 
lead  to  aberrant  excitatory  and/or  inhibitory  neural  transmission  in  extinction  relevant  brain  regions 
leading  to  the  expression  of  extinction  retention  deficits.  In  the  proposed  research  we  will  test  this  novel 
causative  model  linking  trauma  exposure  to  abnormalities  in  fear  memories  by  evaluating  the  following 
specific  aims.  #1 :  Determine  if  SPS  disrupts  extinction  retention  by  altering  extinction 
retrieval/consolidation,  fear  reconsolidation,  and/or  contextual  modulation  of  extinction  retrieval.  #2: 
Demonstrate  that  SPS  enhancement  of  brain  GR  and  p-AR  expression  alters  glutamatergic  and 
GABAergic  function  in  neural  circuits  that  mediate  SPS-induced  deficits  in  extinction  retention.  #3: 
Demonstrate  that  pharmacological  treatments  that  act  at  GR  and  p-AR,  or  normalize  excitatory  neural 
transmission,  prevent  SPS-induced  extinction  retention  deficits.  #4:  Examine  candidate 
vulnerability/resilience  factors  that  interact  with  SPS  exposure  and  demonstrate  their  effects  on 
extinction  retention  and  SPS-induced  GR  (and  p-AR)  upregulation.  The  research  outlined  in  this 
proposal  is  a  comprehensive  and  systematic  examination  of  the  biological  basis  of  PTSD.  Using  the 
SPS  model  we  may  provide  the  necessary  link  between  PTSD-specific  behavioral  changes  and 
alterations  in  HPA  axis,  glutamatergic  transmission  and  noradrenergic  system  activity.  Using  this 
foundation  we  will  test  novel  pharmacological  treatment  strategies  to  prevent  and  reverse  stress-induced 
change,  and  explore  mechanisms  of  vulnerability  and  resilience. 

2.  KEYWORDS 

Post-traumatic  stress  disorder,  Single  Prolonged  Stress,  Neurobiological  Mechanisms 
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3.  ACCOMPLISHMENTS 


a.  What  were  the  major  goals  of  the  project? 

The  dates  proposed  for  the  completion  of  work  in  our  statement  of  work  (SOW)  proposed  a  funding  date 
of  January  2013,  however  as  the  award  was  not  received  until  Nov  2013,  thus  all  timelines  for  the 
expected  completion  of  work  has  been  shifted  by  one  year.  For  ease  of  reference,  we  have  included  a 
new  column  alongside  our  original  proposed  dates  in  the  SOW  to  reflect  this  altered  timeline.  The  SOW  is 
provided  in  the  Appendix. 

In  the  first  two  years  of  funding,  we  proposed  that  we  would  begin  by  completing  the  experiments  outlined 
in  Specific  Aim  1.  These  experiments  were  designed  to  examine  whether  SPS  disrupts  extinction 
retention  by  disrupting  consolidation  and/or  retrieval  of  extinction  memory,  and/or  enhancing  fear  memory 
reconsolidation  or  by  disrupting  contextual  modulation  of  extinction  retrieval.  The  proposed  timeline  for 
completion  of  these  studies  was  March  2014  -  December  2014  (Specific  Aim  la)  and  December  2014  - 
July  201 5  (Specific  Aim  1  b). 

In  addition,  we  proposed  that  work  would  begin  on  Specific  Aim  2,  in  which  we  will  examine  if  SPS 
enhancement  in  brain  GR  and  p-AR  expression  alters  glutamatergic  and  GABAergic  function  in  neural 
circuits  that  mediate  SPS-induced  deficits  in  extinction  retention.  Work  on  Specific  Aim  2a  was  proposed 
to  begin  in  July  2014  and  be  completed  by  June  2015;  and  work  on  Specific  Aim  2b  was  proposed  to 
begin  in  May  2015  and  be  completed  in  year  3  of  the  funding  period.  Work  on  the  rest  of  Specific  Aim  2 
(remaining  part  of  b  and  all  of  c)  was  scheduled  to  be  completed  in  years  3-5  of  the  funding  period. 

b.  What  was  accomplished  under  these  goals? 

For  Specific  Aim  1,  data  collection,  scoring  and  analysis  of  behavioral  data  for  4  out  of  4  experiments  has 
been  completed.  We  have  previously  demonstrated  that  SPS  rats  exhibit  extinction  retention  deficits,  a 
key  fear  memory  abnormality  associated  with  PTSD.  Expression  of  an  extinction  memory  involves  a 
number  of  different  psychological  processes,  and  in  this  aim,  we  set  out  to  determine  the  psychological 
mechanism  by  which  SPS  induces  extinction  retention  deficits.  We  conducted  4  experiments  using  male 
Sprague-Dawley  rats  (n=128)  exposed  to  either  SPS  or  a  control  procedure,  to  determine  if  extinction 
retention  deficits  stem  from  deficits  in  the  consolidation  or  retrieval  of  the  extinction  memory,  enhanced 
consolidation/reconsolidation  of  the  fear  memory,  or  impaired  contextual  modulation  of  extinction  memory 
retrieval.  We  adopted  conditioning  procedures  that  isolate  these  different  memory  processes  to  test  these 
competing  hypotheses.  First,  we  replicated  SPS-induced  extinction  retention  deficits  [SPS  vs  controls: 
F(1 ,28)=29.46,  pc.OOOl]  (Figure  1),  and  demonstrated  that  fear  and  extinction  memories  acquired  before 
SPS  are  not  impacted  by  it  [SPS  vs  controls:  NS]  (Figure  2,  3).  Using  a  novel  context  for  extinction 
retention  testing  enhanced  fear  recovery  in  control  animals,  but  had  no  effect  on  SPS  animals  [SPS  vs 
controls:  F(1 ,14)=6.36,  p=.024  and  F(1 ,14)=. 025,  p=.87  respectively]  (Figure  4).  From  these  studies,  we 
concluded  that  SPS  must  occur  prior  to  fear  acquisition  to  produce  a  PTSD-like  extinction  retention 
deficit.  Animals  with  this  deficit  fail  to  utilize  contextual  information  to  modulate  fear  during  extinction 
retention  testing.  This  finding  -  that  impaired  contextual  processing  may  underlie  SPS-induced  extinction 
recall  deficits  -  echoes  a  recent  human  PTSD  study,  suggesting  that  contextual  modulation  of  fear  may 
be  a  core  memory  process  that  is  disrupted  in  PTSD.  Our  timeline/statement  of  work  specified  that  this 
work  would  be  completed  by  July  2015,  thus  we  have  achieved  this  goal.  These  data  are  currently  being 
prepared  for  publication. 
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Fig- 1  SPS  induces  fear  extinction  deficits.  B:  baseline.  P>  .05 
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Fig.  2  SPS  does  not  induce  extinction  recall  deficits  when  fear  conditioning  and  extinction  take  place 
before  animals  are  exposed  to  SPS.  B:  baseline. 
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Fig.  3  SPS  does  not  induce  extinction  recall  deficits  when  fear  conditioning  takes  place  before  animals 
are  exposed  to  SPS.  B:  baseline. 
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Fig.  4  Using  a  novel  context  for  extinction  retention  testing  enhanced  fear  recovery  in  control  animals,  but 
had  no  effect  on  SPS  animals.  B:  baseline.  Ps  .05 


For  Specific  Aim  2,  behavior  exposure/testing  and  brain  tissue  collection  has  been  completed  for 
experiments  5  of  8  experiments  (including  some  from  Aims  2a,  b  &  c).  Given  that  we  have  carried  out 
behavioral  testing  and  collected  brains  for  5  out  of  8  experiments  proposed  in  Specific  Aim  2,  we  believe 
that  good  progress  is  being  made  towards  completion  of  this  part  of  the  project.  We  have  been  collecting 
data  for  these  initial  experiments  and  do  not  yet  have  findings  to  report.  We  plan  to  complete  the 
associated  molecular  assays  in  the  coming  year.  Given  that  the  experiments  in  Specific  Aim  2  were 
proposed  to  continue  throughout  year  5  of  funding,  and  data  collection  on  5  of  the  8  experiments  outlined 
in  our  application  is  underway,  we  feel  confident  that  we  have  made  excellent  progress  toward  our  stated 
goals  for  work  completed  in  the  first  two  years  of  funding. 

In  addition  to  completing  all  of  the  experiments  from  Specific  Aim  1  and  data  collection  for  most  of  the 
experiments  from  Aim  2,  we  have  also  made  significant  progress  on  the  experiments  outlined  in  Specific 
Aims  3  and  4,  which  were  not  proposed  to  take  place  until  later  in  the  funding  period. 

For  Specific  Aim  3  we  proposed  to  examine  whether  pharmacological  compounds  that  prevent  the 
sensitization  of  excitatory  neurotransmission,  administered  during  the  SPS  7-day  quiescent  period, 
prevent  SPS-induced  extinction  retention  deficits.  In  order  to  investigate  this  we  examined  the  effect  of 
administration  of  phenytoin  (PHE),  which  blocks  voltage-dependent  sodium  channels,  thereby  reducing 
excitatory  neural  transmission,  in  the  7  days  following  exposure  to  SPS  stressors.  SPS  (n  =  24)  and 
control  (n  =  24)  rats  were  systemically  administered  phenytoin  (vehicle,  20mg/kg,  40mg/kg)  once  per  day 
for  7  days  during  the  SPS  7-day  quiescent  period.  One  day  after  the  last  dose,  animals  were  subjected  to 
fear  conditioning,  fear  extinction,  and  tested  for  extinction  retention.  In  addition,  we  examined  the 
expression  of  glucocorticoid  receptors  in  the  medial  prefrontal  cortex  (mPFC),  hippocampus  (HPC)  and 
amygdala.  We  found  that  fear  conditioning  and  extinction  were  unaffected  by  SPS  or  PHE  (Figure  5),  but 
SPS  impaired  extinction  retention  and  both  doses  of  PHE  rescued  this  impairment  (Figure  6).  Similarly, 
SPS  increased  GR  expression  in  the  mPFC  and  dorsal  HPC,  and  PHE  prevented  SPS-induced  GR 
upregulation  in  the  mPFC  (Figure  7).  These  data  demonstrate  that  PHE  administration  can  prevent  the 
development  of  extinction  retention  deficits  and  upregulation  of  GR.  PHE  exerts  inhibitory  effects  on 
voltage-gated  sodium  channels,  and  decreases  excitatory  neural  transmission  via  glutamate  antagonism. 
If  glutamate  hyperactivity  in  the  days  following  SPS  contributes  to  SPS-induced  deficits,  then  these  data 
may  suggest  that  the  glutamatergic  system  constitutes  a  target  for  secondary  prevention.  These  findings 
have  been  reported  in  a  manuscript  entitled  “The  effect  of  chronic  phenytoin  administration  on  single 
prolonged  stress  induced  extinction  retention  deficits  and  glucocorticoid  upregulation  in  the  rat  medial 
prefrontal  cortex”,  that  was  recently  accepted  for  publication  in  the  Psychopharmacology  DOI: 
10. 1 007/s002 13-01 4-3635-x. 
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Fig.  5  Single  prolonged  stress  (SPS)  and  phenytoin  (PHE)  effects  on  fear  conditioning  and  fear 
extinction.  A)  Neither  SPS  nor  PHE  treatment  had  any  effect  on  fear  conditioning  or  B)  fear  extinction 
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Fig.  6  Single  prolonged  stress  (SPS)  and  phenytoin  (PHE)  effects  on  extinction  retention.  There  was  a 
significant  interaction  between  SPS  and  PHE  treatment  during  the  extinction  retention  test  session.  A) 
During  baseline,  vehicle  treated  SPS  animals  froze  more  than  vehicle  treated  controls  and  this  difference 
was  not  present  following  either  dose  of  PHE.  B)  Similarly,  during  the  early  extinction  retention  trials 
vehicle  treated  SPS  animals  froze  more  than  vehicle  treated  controls  and  this  effect  was  not  present 
following  drug  treatment  with  either  dose  of  drug.  No  significant  effects  were  found  during  late  extinction 
retention  trials.  Planned  comparison  P<  .01 
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Fig.  7  Single  prolonged  stress  (SPS)  and  phenytoin  (PHE)  effects  on  glucocorticoid  receptor  (GR) 
expression.  Top  panel:  GR/actin-related  protein  (Arp)  quantification;  Bottom  panel:  Sample  western  blot 
probed  for  GR  and  Arp.  A)  SPS  enhanced  GR  levels  in  the  medial  prefrontal  cortex  and  chronic 
administration  of  both  high  (40  mg/kg)  and  low  (20  mg/kg)  dose  PHE  attenuated  this,  in  SPS  animals 
only.  B)  SPS  enhanced  GR  levels  in  the  dorsal  hippocampus  (HPC)  and  both  doses  of  drug  partially 
attenuated  this  effect.  There  were  no  significant  effects  in  ventral  HPC  or  amygdala.  Planned  comparison 
#P>  .10;  >>  .05;  “P>  .01 


As  a  follow  up  to  the  above  mentioned  findings,  we  have  examined  the  effects  of  PHE  at  20mg/kg  on 
behavior  when  given  for  seven  consecutive  days  after  the  quiescent  period  to  examine  the  ability  of  this 
drug  to  reverse  as  well  as  prevent  SPS-induced  extinction  retention  deficits  (experiment  16,  as  described 
in  our  application).  Before  we  could  do  so,  we  first  had  to  conduct  studies  to  determine  whether  SPS- 
induced  extinction  recall  deficits  remain  after  a  longer  14-day  quiescent  period,  and  whether  mild  chronic 
stress  (seven  consecutive  days  of  saline  injections)  after  a  7-day  quiescent  period  affects  the  effects  of 
SPS.  We  found  that  SPS-induced  recall  deficits  do  not  persist  14  days  after  SPS  exposure  (figure  8). 
However,  if  animals  are  exposed  to  a  chronic  mild  stress  during  that  period,  recall  deficits  induced  by 
exposure  to  SPS  remain  present  14  days  after  SPS  (Figure  9).  This  finding  allowed  us  to  confidently  test 
whether  treating  animals  with  PHE  at  20mg/kg  for  seven  consecutive  days  after  the  7-day  quiescent 
period  reverses  and  prevents  SPS-induced  extinction  retention  deficits.  SPS  (n  =  16)  and  control  (n  =  16) 
rats  were  systemically  administered  phenytoin  (vehicle,  20mg/kg)  once  per  day  for  7  days  after  the  SPS 
7-day  quiescent  period.  One  day  after  the  last  dose,  animals  were  subjected  to  fear  conditioning,  fear 
extinction,  and  tested  for  extinction  retention.  Results  show  that  PHE  has  the  capacity  to  reverse  SPS- 
induced  extinction  recall  deficits  after  symptoms  are  allowed  to  develop  during  the  7-day  quiescent  period 
following  SPS  (Figure  10). 
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Fig.  8  SPS-induced  extinction  retention  deficits  that  are  present  after  a  7-day  quiescent  period  is  lost  after 
a  14-day  quiescent  period.  B:  baseline. 
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Fig.  9  SPS-induced  extinction  retention  deficits  that  are  present  after  a  7-day  quiescent  period  is  lost  after 
a  14-day  quiescent  period.  B:  baseline.  Pa  .05 
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Fig.  10  PHE  has  the  capacity  to  reverse  SPS-induced  extinction  recall  deficits  after  symptoms  are 
allowed  to  develop  during  the  7-day  quiescent  period  following  SPS.  ‘significantly  different  from  others  at 
P>  .05;#  P>  .05. 
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For  Specific  Aim  4,  we  proposed  to  investigate  whether  cognitive  flexibility  training,  aimed  at  improving 
PFC  function  could  be  used  as  a  way  to  attenuate  stress-induced  prefrontal  dysfunction  seen  in  SPS 
animals.  Post-traumatic  stress  disorder  (PTSD)  is  associated  with  neurocognitive  impairments  that  have 
been  attributed  to  functional  deficits  in  prefrontal  cortex  (PFC).  Accordingly,  rats  subjected  to  the  single 
prolonged  stress  (SPS)  model  of  PTSD  show  PFC-dependent  fear  associated  learning  deficits  and 
decreased  excitatory  neurotransmission  in  the  mPFC.  It  has  been  suggested  that  behavioral  interventions 
that  increase  cognitive  flexibility  may  attenuate  PFC  dysfunction.  We  therefore  examined  whether 
cognitive  flexibility  training  (CFT)  could  prevent  the  development  of  extinction  retention  deficits  in  SPS 
rats.  64  male  Sprague  Dawley  rats  were  exposed  to  CFT  or  a  control  lever  training  (LT)  task.  Animals 
were  then  matched  for  performance  and  subjected  to  SPS  or  control  procedures.  One  week  later,  all  rats 
underwent  fear  conditioning,  extinction  and  extinction  retention  testing.  One  day  later  SPS  animals  were 
fear  conditioned,  extinguished,  and  tested  for  extinction  retention.  Brains  were  harvested  and  will  be 
assayed  for  GR  protein  at  a  later  date.  CFT  did  not  prevent  the  development  of  SPS-induced  impairments 
in  extinction  retention.  These  findings  suggest  that  pre-trauma  CFT  effects  on  enhancing  PFC  function  do 
not  extend  to  conveying  resilience  to  the  effects  of  SPS  (Figure  4). 


Fig.  4  Ability  of  Cognitive  Flexibility  Training  (CFT)  or  Lever  Training  (LT)  control  to  prevent  Single 
Prolonged  Stress-induced  extinction  retention  deficits.  All  group  effects  were  non-significant  suggesting 
that  CFT  did  not  prevent  the  development  of  SPS-induced  impairments  in  extinction  retention. 


c.  What  opportunities  for  training  and  professional  development  has  the  project  provided? 

During  the  first  year  of  funding  a  post-doctoral  fellow  was  recruited  to  join  the  project.  This  individual  was 
a  recent  graduate  from  PhD  training  and  came  with  expertise  in  animal  behavioral  tests  of  anxiety.  During 
her  first  6  months  of  work,  she  has  developed  her  expertise  on  the  disciplines  related  to  the  project,  under 
the  direction  of  the  PI  and  Co-1.  In  the  present  year,  she  continues  to  develop  the  necessary  skills  to 
complete  the  program  of  work  proposed,  in  particular  focusing  on  learning  to  perform  the  molecular 
assays  described  in  this  project  under  the  guidance  of  our  laboratory  manager  and  PI. 

The  Co-1  has  also  continued  her  professional  development,  successfully  gaining  entry  into  the  highly 
competitive  Career  Development  Institute  for  Psychiatry,  publishing  several  papers  in  peer-reviewed 
journals  ( Biology  of  Mood  and  Anxiety  Disorders,  2013,  3,22;  Psychopharmacology,  2014, 
DOI:10.1007/s00213-014-3635-x).  Dr.  George  has  also  been  promoted  within  the  University  of  Michigan’s 
Department  of  Psychiatry  to  the  Research  Investigator  level. 


Additionally,  both  the  Co-1  and  the  post-doctoral  fellow  working  on  this  project  work  closely  with 
undergraduate  research  assistants  at  the  University  of  Michigan  to  complete  the  work  described  herein. 
Training  for  undergraduate  research  assistants  involves  them  reading/learning  background  on  PTSD  and 
our  animal  model  of  this  disorder,  learning  to  implement  and  analyze  results  from  the  behavioral  tests 
performed  in  the  laboratory,  performing  animal  husbandry  tasks  as  needed,  as  well  as  molecular  assays 
and  other  bench  work. 
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The  PI,  Co-1  and  post-doctoral  fellow  have  attended  national  conferences  for  continued  professional 
development.  The  Co-1  has  also  collaborated  with  leaders  in  the  field  of  PTSD  to  organize  a  SPS 
symposium  at  the  University  of  Michigan  for  laboratories  studying  PTSD  in  the  Midwest.  In  addition,  all 
personnel  working  on  the  project  attend  locally  available  seminar  series  for  continued  professional 
development,  for  example  The  Department  of  Psychiatry  Grand  Rounds  Series  at  the  University  of 
Michigan. 

d.  How  were  the  results  disseminated  to  communities  of  interest? 

The  findings  from  Specific  Aim  3  and  Specific  Aim  4  detailed  above  have  been  disseminated  to  the  wider 
scientific  community  through  attendance  by  the  PI,  Co-1  and  post-doctoral  fellow  at  national  conferences, 
the  annual  research  symposium  at  the  local  VA,  and  presentation  of  the  findings  described  in  this  report 
at  those  conferences  and  events.  The  Co-1  has  presented  the  results  described  above  at  the  annual 
meeting  for  the  Society  of  Biological  Psychiatry  and  American  College  of  Neuropsychopharmacology.  The 
post-doctoral  fellow  has  also  presented  data  detailed  in  this  report  at  the  annual  meeting  for  the  Society 
for  Neuroscience,  the  SPS  symposium,  and  the  research  symposium  at  the  VA.  Conference  abstracts  are 
detailed  below  in  the  relevant  “Products”  section. 

e.  What  do  you  plan  to  do  during  the  next  reporting  period  to  accomplish  the  goals? 

During  the  next  reporting  period  we  plan  to  publish  our  findings  from  Aim  1.  Additionally,  we  plan  to 
complete  the  molecular  assay  of  the  experiments  described  in  Specific  Aim  2.  Finally,  we  plan  to  continue 
with  the  pharmacological  intervention  studies  outlined  in  Specific  Aim  3  as  detailed  in  our  statement  of 
work  for  the  third  year  of  funding. 

4.  IMPACT:  Describe  distinctive  contributions,  major  accomplishments,  innovations,  successes,  or 
any  change  in  practice  or  behavior  that  has  come  about  as  a  result  of  the  project  relative  to: 

a.  What  was  the  impact  on  the  development  of  the  principal  discipline(s)  of  the  project? 

At  this  early  stage  in  the  project,  we  have  nothing  to  report. 

b.  What  was  the  impact  on  other  disciplines?  Nothing  to  Report. 

c.  What  was  the  impact  on  technology  transfer?  Nothing  to  Report. 

d.  What  was  the  impact  on  society  beyond  science  and  technology?  Nothing  to  Report. 

5.  CHANGES/PROBLEMS: 

a.  Changes  in  approach  and  reasons  for  change  Nothing  to  report 

b.  Actual  or  anticipated  problems  or  delays  and  actions  or  plans  to  resolve  them 

Funding  was  not  received  until  one  year  after  the  expected  funding  period  therefore  the  work  described 
herein  has  been  delayed  by  one  year.  We  have  included  a  revised  Statement  of  Work  in  the  Appendix 
that  shows  the  original  anticipated  completion  dates  for  the  Specific  Aims,  and  the  revised  dates  following 
this  delay.  Despite  this  delay,  we  believe  we  have  made  excellent  progress  in  accomplishing  the  aims 
described  in  the  SOW,  completing  not  only  all  experiments  in  Specific  Aim  1,  but  a  significant  number  of 
experiments  in  Specific  Aim  2  and  3,  and  some  of  the  experiments  from  Specific  Aim  4. 

c.  Changes  that  had  a  significant  impact  on  expenditures  Nothing  to  report 

d.  Significant  changes  in  use  or  care  of  human  subjects,  vertebrate  animals,  biohazards, 
and/or  select  agents  Nothing  to  report 

e.  Significant  changes  in  use  or  care  of  human  subjects  Nothing  to  report 

f.  Significant  changes  in  use  or  care  of  vertebrate  animals.  Nothing  to  report 

g.  Significant  changes  in  use  of  biohazards  and/or  select  agents  Nothing  to  report 

6.  PRODUCTS: 

a.  Publications,  conference  papers,  and  presentations. 
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Conference  abstract:  George,  SA.,  Rodriguez-Santiago,  M.,  Horvath,  AP.,  Abelson,  JL.,  Floresco,  SB., 
Liberzon,  I.  Cognitive  Flexibility  Training  and  Fear  Extinction  Retention  in  the  Single  Prolonged  Stress 
Model  of  PTSD.  Society  for  Biological  Psychiatry  Annual  Meeting.  New  York,  NY. 


Conference  abstract:  George,  SA.,  Rodriguez-Santiago,  M.,  Riley,  J.,  Liberzon,  I.  Chronic  phenytoin 
administration  prevents  single  prolonged  stress  induced  extinction  retention  deficits  and  glucocorticoid 
upregulation.  American  College  of  Neuropsychopharmacology  Annual  Meeting.  Hollywood,  FL. 

Conference  abstract:  Chen,  VC,  Liberzon,  I.  Phenytoin  reverses  Single  Prolonged  Stress-induced 
extinction  retention  deficits  in  a  rat  model  of  PTSD.  Society  for  neuroscience.  Chicago,  IL. 

Symposium  abstract:  Chen,  VC,  George,  SA,  Liberzon,  I.  Effects  of  time  and  chronic  mild  stress  on 
Single  Prolonged  Stress-induced  extinction  retention  deficits  in  a  rat  model  of  PTSD.  VA  Research 
Symposium.  Ann  Arbor,  Ml. 

Conference  abstract:  George,  SA,  Chen,  VC,  Liberzon  I.  Impaired  contextual  modulation  of  fear  in  a 
rodent  model  of  post-traumatic  stress  disorder.  Society  of  Behavioral  Psychiatry.  Toronto,  Canada. 


b.  Journal  publications. 

George,  SA.,  Rodriguez-Santiago,  M.,  Riley,  J.,  Rodriguez,  E.,  Liberzon,  I.  (2014)  Chronic  phenytoin 
administration  prevents  single  prolonged  stress  induced  extinction  retention  deficits  and  glucocorticoid 
upregulation  in  the  medial  prefrontal  cortex.  Psychopharmacology.  DOI:  1 0.1 007/s0021 3-01 4-3635-x. 
published,  acknowledgement  of  federal  support  -  Yes. 

c.  Books  or  other  non-periodical,  one-time  publications.  None 

d.  Other  publications,  conference  papers,  and  presentations.  None 

e.  Website(s)  or  other  Internet  site(s)  None 

f.  Technologies  or  techniques  None 

g.  Inventions,  patent  applications,  and/or  licenses  None 

h.  Other  Products  None 

7.  PARTICIPANTS  &  OTHER  COLLABORATING  ORGANIZATIONS 

a.  What  individuals  have  worked  on  the  project? 

Provide  the  following  information  for:  (1)  PDs/PIs;  and  (2)  each  person  who  has  worked  at  least  one 
person  month  per  year  on  the  project  during  the  reporting  period,  regardless  of  the  source  of 
compensation  (a  person  month  equals  approximately  160  hours  of  effort).  If  information  is  unchanged 
from  a  previous  submission,  provide  the  name  only  and  indicate  "no  change." 


Name: 

Israel  Liberzon  -  no  change 

Project  Role: 

PI 

Researcher  Identifier  (e.g.  ORCID  ID): 

0000-0002-4990-556X 

Nearest  person  month  worked: 

Contribution  to  Project: 

Funding  Support: 

Name: 

Sophie  George  -  no  change 

Project  Role: 

Co-1 

Researcher  Identifier  (e.g.  ORCID  ID): 

0000-0002-3886-6411 
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Nearest  person  month  worked: 

Contribution  to  Project: 

Funding  Support: 

Name: 

Chieh  Chen  -  no  change 

Project  Role: 

Post-doctoral  fellow 

Researcher  Identifier  (e.g.  ORCID  ID): 

0000-0001-8480-7669 

Nearest  person  month  worked: 

Contribution  to  Project: 

Funding  Support: 

b.  Has  there  been  a  change  in  the  active  other  support  of  the  PD/PI(s)  or  senior/key 
personnel  since  the  last  reporting  period? 

Libejgon,  PI 


Pending  Other  Support  Now  Active 

ROI MH1 03287(Shalev)  05/7/2014-03/31/2019  1.2  UM 

CM 

NIH/NIMH 

Role:  Co-Investigator,  Site  PI 

Neurobehavioral  Moderators  of  Post-traumatic  Disease  Trajectories:  Prospective  MRI  Study  of 

Recent  Trauma  Survivors 

POC:  Farris  Tuma,  Trauma  Brunch,  NIMH 

The  major  aim  of  this  project  is:  using  structural  and  functional  longitudinal  MRI  studies,  to 
identify  neuroimaging  profiles  that  predict  specific  disease  trajectories  in  subjects  at  high  risk  for 
PTSD  development,  following  admission  to  Emergency  Department. 

CX-14-017(Rauch)  03/01/15-09/30/18  0.6  UM  CM 

DOD 

Role:  Site-  PI,  Co-Investigator 

Neurobioloqical  Predictors  and  Mechanisms  In  Exposure  Therapy  for  PTSD 
Promising  preclinical  research,  including  studies  conducted  by  me  and  others  in  my  research 
group  (Liberzon,  Sripada),  link  PTSD  etiology  and  treatment  response  to  endogenous 
neurosteroid  and  neuroendocrine  markers,  including  cortisol  awakening  response,  cortisol  in 
response  to  specific  challenge,  allopregnanolone,  and  DHEA.  We  have  previously 
demonstrated  that  neurosteroids  positively  modulate  the  brain  circuits  that  are  dysregulated  in 
PTSD,  including  amygdala,  medial  prefrontal  cortex  and  insula.  Furthermore,  we  have 
demonstrated  that  cortisol  responsivity  to  specific  trauma  cues  prior  to  treatment  predicts  up  to 
40%  of  the  variance  in  change  in  PTSD  severity  over  the  course  of  PTSD  treatment  (specifically 
PE).  However,  further  research  is  needed  to  determine  whether  these  compounds  are  reliable 
prognostic  indicators  of  PTSD  treatment  response.  We  would  propose  to  investigate  these 
biomarkers  as  predictors  of  treatment  response  as  well  as  indicators  of  change  in  PTSD 
treatment  as  an  add-on  study  to  an  ongoing  clinical  trial  of  Prolonged  Exposure  and  Present 
Centered  Therapy. 
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Other  support  now  closed 


c. 


None 


What  other  organizations  were  involved  as  partners? 

Nothing  to  Report 

8.  SPECIAL  REPORTING  REQUIREMENTS 

a.  COLLABORATIVE  AWARDS:  n/a 

b.  QUAD  CHARTS:  n/a 
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9. 


APPENDICES: 


Statement  of  work 


Specific  Aim  #1:  Determine  if  SPS  disrupts  extinction  retention 
by  altering  extinction  retrieval/consolidation,  fear 

consolidation/reconsolidation,  and/or  contextual  modulation  of 
extinction  retrieval. 

# 

Anim 

als 

Original 

Timeline 

New 

Timeline 

la:  SPS  disrupts  extinction  retention  by  disrupting  consolidation 
and/or  retrieval  of  extinction  memory,  and/or  enhancing  fear 
memory  re-consolidation. 

Approach:  Manipulate  the  times  at  which  SPS  is  applied  relative  to 
fear  extinction  to  isolate  the  specific  memory  process  altered  by 
SPS. 

64 

3/1/13 

11/30/13 

3/1/14 

11/30/14 

1b:  SPS  disrupts  extinction  retention  by  disrupting  contextual 
modulation  of  extinction  retrieval.  Approach:  Examine  the  effect  of 
SPS  on  paradigms  that  probe  contextual  modulation  of  memory; 
fear  renewal,  spontaneous  recovery. 

64 

12/1/13  - 

6/30/14 

12/1/14  - 

6/30/1 5 

Specific  Aim  #2:  Demonstrate  that  the  SPS  enhancement  in 
brain  GR  and  (3-AR  expression  alters  glutamatergic  and 
GABAergic  function  in  neural  circuits  that  mediate  SPS- 
induced  deficits  in  extinction  retention. 

2a:  SPS  disrupts  glutamatergic  and  GABAergic  function  in  the 
neural  circuits  that  mediate  SPS-induced  extinction  retention 
deficits.  Approach:  Assay  end  measures  and  active  processes  of 
glutamatergic  and  GABAergic  signaling  in  specific  brain  regions. 

80 

7/1/13 

5/31/14 

7/1/14 

5/31/15 

2b:  SPS  disrupts  glutamatergic  and  GABAergic  function  in  neural 
circuits  responsible  for  extinction  retention  deficits  via  a  GR-induced 
genomic  mechanism,  which  is  driven  by  SPS-enhanced  GR 
expression.  Approach:  Examine  the  role  of  GRs  in  SPS-induced 
changes  in  glutamatergic  and  GABAergic  function. 

256 

5/1/14 

7/31/15 

5/1/15 

7/31/16 

2c:  SPS  disrupts  glutamatergic  and  GABAergic  function  in  neural 
circuits  responsible  for  extinction  retention  deficit  by  enhanced  (3-AR 
expression.  Approach:  Examine  the  role  of  p-ARs  in  SPS-induced 
changes  in  glutamatergic  and  GABAergic  function. 

64 

8/1/15 

2/28/1 7 

8/1/16 

2/28/1 8 

Specific  Aim  #3:  Demonstrate  that  pharmacological  treatments 
that  act  at  GRs  and  (3-ARs,  or  normalize  excitatory  neural 
processing,  prevent  SPS-induced  extinction  retention  deficits. 

3a:  Pharmacological  treatments  that  prevent/reverse  upregulation  of 
GR  and  (3-AR  expression  will  prevent  SPS-induced  extinction 
retention  deficits.  Approach:  Administer  compounds  that  act  at  GRs 
and  p-ARs  at  select  time  points  following  SPS. 

384 

6/1/14 

1/31/16 

6/1/15 

1/31/17 

3b:  Chronic  anti-kindling  drug  administration  will  normalize 
excitatory  tone  and  thereby  attenuate  SPS-induced  extinction 
retention  deficits.  Approach:  Administer  anti-kindling  compounds  at 
select  time  points  following  SPS. 

96 

2/1/16 

6/30/1 7 

2/1/17 

6/30/1 8 

Specific  Aim  #4:  Examine  candidate  vulnerability/resilience 
factors  that  interact  with  SPS  exposure  and  demonstrate  their 
effects  on  extinction  retention  and  SPS-induced  GR  (and  (3-AR) 
upregulation. 

4a:  Stress  exposure  in  rat  “early  adolescence”  will  lead  to 
susceptibility  to  SPS.  Approach:  Examine  the  effect  of  juvenile 

32 

1/31/16  - 

3/31/17 

1/31/17  - 

3/31/18 
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stress  (JS)  on  extinction  retention  deficit  and  GR  expression. 

4b:  Cognitive/behavioral  training  will  lead  to  resilience  to  SPS. 
Approach:  Examine  the  effect  of  cognitive  flexibility  training  (CFT) 
on  extinction  retention  deficit  and  GR  expression. 

32 

1/1/16 

8/31/17 

1/1/17 

8/31/18 

4c:  Early  adolescent  experiences  (JS  or  CFT)  induce  susceptibility 
or  build  resilience  to  SPS  via  GR  (and  (3-AR)  changes  in  extinction 
relevant  brain  regions.  Approach:  Examine  changes  in  GR  and  [3-AR 
expression  following  early  adolescent  manipulations. 

0 

7/1/17 

11/30/17 

7/1/18 

11/30/18 
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